fui/ir2004/00 022 7 




REC'D l tMAY2flW 



PA 1149508 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

April 01, 2004 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPUCATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 



APPLICATION NUMBER: 60/465,080 
FILING DATE: April 24, 2003 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



I 

o 

i 
I 



By Authority of the 
^v/v/v^V V \ ^ ^ COMMISSIONER OF PATENTS AND TRADEMARKS 



COS 



- C4 



Please type a pins sign (+) iodde this box 



Dockec No. 7 




PROVISIONAL APPUCATION FOR PATENT COVER SHEET 

This is a reqaest for fiBng a PROVISIONAL APPLICATION FOR PA'mrr under 37 CFR l^(e). 



O 
I- 



Given Name (first and middle Of any)) 



Luigi 
Mario 



INVENTQR(S) 



Family Name or Suroame 



Naldini 
Amendola 



Residence 

' (City and eiiher State or Foreign Conntiy) 



Corso Lq)anto 12 
10134 Torino, ITALY 
Via Pietro Scrocxo 70 
71100 Foggia, ITALY 



X Additional inventors are beipg named on the 1_ separately numbered sheet attadied hereto. 



TITLE OF THE INVENTION (280 characters max) 



PROMOTERS AND LBNtlVIRAL VECTORS FOR EFFICIENT AND COORDINATED 
EXPRESSION OF MULTIPLE GENES WITHIN EUKARYOTIC CELLS 



CORRESPONDENCE ADDRESS 

Direct all correspondence to: 

Customer Number I 

Type Customer Number here 

OR, 



Piace Customer Number 
Bar Code Label here 



Finn or Individual Name 



Address 



City. State & ZIP 



Country 



Arlene J. Powers 

Samuels, Gautfaier & Stevens, LLP 



225 Franklin Street, Suite 330Q 



Boston, Massachusetts 02110 



U.S. 



TeL I (617) 426-9180 I Fax | (617) 426-2275 



ENCLOSED APPLICATION PARTS (check all that apply) 



X Specification Number of Pages 16 



X Drawiiig(s) Number of Sheets 27 



Small Entity Statement 

Other (specify) 



METHOD OF PAYMENT OF FILING FEES FOR TfflS PROVISIONAL APPUCATION FOR PATENT (check one) 
X A check or money order is enclosed to cover the ^ing fees. 

Applicant Clainm^ Small Enti^ Status FILING FEE 

No fee is to be paid at this time. AMOUNT 

The Commissioner is hereby authorized to charge filing $160.00 

fees or credit any overpaymem to Deposit Order Account Number: 19-0079 



The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government. 
X No. 



Yes, the name of die U.S. GQvemment agency and the Government contract number are: 



u 



CERTIFICATION UNDER 37 C.F.R 1.10 

I hereby certify that this correspondence and the documents referred to as attached therein are being deposited with the United States Postal 
Service on 04/24/03 in an envelope as ".EXPRESS MAIL POST OFFICE TO ADDRESSEE" service under 37 CJ'.R. l.IO, MaiUng Label 
Number EL7S5683!00US addressed to die: Assistant Commissioner for Patents, Washington, D.C. 20231. 




Sarah Kennedy 



Type or print name of person certifying 



PROVISIONAL APPUCATION COVER SHEET 
Additional Page 







Type a plus sign (+) 




Docket No. 


7152 


inside this box 


+ 



INVENTOR(S)/AFPHCANT(S) 



C^ven name (first and middle if any) 



Family or Surname 



Residence 

(City and eilher Sate or Foreign Country) 



Elisa 



Vigna 



Corso Siracusa 178 
10137 Torino, ITALY 



+ 



Respectfully submitted. 

Date: Off'^H/iJ 



\ 



Signature ' yC^y^ y 
Arlene J. ^weis 



Registration No.: 35,985 
Telephone: (617)426-9180 
Extension: 110 



USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 



PROMOTERS AND LENTIVIRAL VECTORS FOR EFFICIENT AND 
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The present inv^tion relates to new bidirectional promoters allowing efQcient and 
coordinate e^qsression of two or more genes, to new gene transfer vectors containing 
these promoters, to the particles transducing said vectors, to the use of said vectors for 
the delivery and expression of multiple genes in target cells and for the manufacturing 
of medicaments 

INTRODUCTION 

Expressing two or more exogenous genes in an efficient and coordinated manner 
within the same cell is an important but challenging task for gene transfer and gene 
tfaerspy. The coordinated expression of a marker gene (such as a surface antigen or a 
reporter gene) together with the gene of interest allows identification of the 
transfected/transduced cells. By ttiis approach, powerfiil gene function and target 
validation $tudies can be performed in vitro and in vivo, and the ex vivo-transfected/ 
transduced cells can be selected for in vivo administration. By introducing genes 
encoding dmg-resistance or conditional cytotoxicity, the transduced cells can be 
amplified or eliminated in vivo, respectively. Such strategies would significantly 
enhance the potential efficacy and/or the safety of gene therapy extending its 
application to a much larger spectrum of diseases than those currently under study 
(Kay et al., 2001; Bordignon and Roncarolo, 2002). 

In certain gene transfer applications, the coordinated expression of two exogenous 
genes is essential, for example when flie protein to be expressed is made iq) of 
subunits encoded by two different genes or when its activity depends on anoflier 
protein. Typical examples are the foUowings: co-expression of the two chains of an 
engine^ed T-cell receptor or antibody into lympho-hematopoietic cells for adoptive 
gene transfer; reconstitution of a multi-step enssymatic pathway in deficient or ectopic 
targets, such as expression of the tyrosine hydroxilase, GTP-cyclohydrolase I and/or 
DOPA decarboxylase in the striatal neurons of Parkinson's disease; co-expression of 
synergistic cytokines or antigen plus cytokine in antigen-presenting or other inomune 
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cells for immunother^j^ introduction of multi-component systCTis for drug- 
dep«ident regulation of exogenous gene expression such as the ecdysone, dimerizer 
and tetracycline-based systCTis. 

To achieve coordinated expr^sion of multiple exogenous genes, several approaches 
have been tested but the results until now have been less than satis&ctory and limited 
to selected applications. One approach has been to use two separate expression 
vectors, each of them carrying one of the exogenous genes. However, only a fiactibn 
of the target cells are transfected/transduced by fhe two vectors and a heterogeneous 
population of cells expressing either one or two genes in different ratio is obtained, 
often preventmg reliable studies and/or efficacious iQ>plications. Another approach 
has been to introduce two expression cassettes driven by diff^:ent promoters mto a 
$mgle vector (MiUer and Rosman, 1989). However, the use of different promoters 
does not ensure co-expression in the same target cells. Differences in the tissue 
specificities of the two promoters and interference between their activities often 
prevent efficient co-e7qiression of flie two exogenous genes. Diff^^tial splicing may 
generate differ^t transcripts &om ttie same promoter but it has proven difficult to 
engme^ and ad^t to retroviral delivery. A more firuitftd approach has been to use an 
mtemal ribosome entry site (IRES) sequences(Martinez-Salas, 1999). These 
sequmces, when inserted between two exogenous genes \mder the control of a single 
promoter, allow "^\;ap-dependent translation of the upstream gene and coupled, 
Cap-mdependent translation of the downstream gene in a bicistronic messenger. Here 
we tested different types of IRES sequences in the contrat of gene delivery by 
lentiviral vectors and found significant limitations of this approach. Thus, we 
developed a new strategy that overcomes these hmitations and showed that, xspon 
incorporation into lentiviral vectors, it allows efficient and coordinate delivery and 
expression of multiple genes. 

FIGURE LEGENDS: 

Fig.l Schematic drawings of integrated lentiviral vectors carrying bicistronic 
expression cassettes. Since transcription fi-om the LTR is abolished due to a deletion 
in the U3 region, transcription of the internal genes is driven by an internal promoter, 
here derived fix>m the human cytomegalovirus (hCMV). Bicistronic constructs were 
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genmted by placing an internal ribosome entry site ORES) between ffae two genes to 
be expressed. A wild-type (wt) and mutant (mut) form of tiie encephalomyocarditis 
virus (EMCV) IRES, different for the ATG fix>m which downstream translation starts 
and ffae eukaxyotic IRES derived from the 5' untranslated sequence of the NF*IcB 
transcription repressing &ctor (NRF) mRNA were used. The monocistronic vector 
used for the control experiments is also shown. Cis-acting sequences and post- 
transcriptional regulatory elements enhancing the transduction and expression of the 
exogenous genes are also indicated The central polypurine tract (cPPT) iq>stream of 
the expression cassettes increases itio efiSciency of vector transduction. The post- 
transcriptional regulatory element of the woodchuck hq)atiti5 virus (Wpre) enhar^ces 
gene expression. For all vectors, the viral packaging signal Q¥) extended into the 
beginning of the gag gene (GA), the viral splice sites (SD and SA), the Rev response 
element (RRE) and the U3-deleted LTR are also shown. 

Fig.2 Southern analysis of HeLa cells transduced by bicistronic and control 
monocistronic lentiviral vectors. HeLa cells were infected with matched amounts of 
lentiviral vector particles carrying the indicated vectors. After serial passages, the 
HeLa DNA was extracted, digested with Afl-II to release the expression cassette from 
integrated vector DNA and analysed with a Wpre probe to detect vector sequences. 
The average number of integrated vector copies was determined relative to the 
indicated standard curve. This nimiber was used to normalize vector stocks for all 
subsequent transduction experiments and ensure similar levels of integration for each 
vector tested. 

Fig, 3 Gene expression by bicistronic lentiviral vectors. HeLa and primary human 
umbiUcal vein endothelial cells (HUVEC) were transduced with normalized amounts 
of tiie indicated vectors expressing luciferase and GFP (2 x 10^ TU/mJ). After 5 days, 
expression of both genes was tested by luminescence of cell extracts upon luminol 
addition (left panel; net luminescence over backgroung, in arbitrary units, A.U.) and 
by GFP fluorescence of individual cells by FACS (right panel; the percentage of 
GFP+ cells is indicated wifli the mean fluorescence intensity, X). Expression of the 
upstream luciferase gene in bicistronic vectors varied witii the IRES type and, only in 
the case of the EMCV wt was comparable to that achieved by a monocistronic CMV 
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• vector. Expression of the downstream GFP gene also varied with the IRES type and 
was much less efficient than that observed with the ci^ependent, monocistronic 
CMV vector. 

Fig, 4 Gene ejqiression by bidstronic lentiviral vectors. Human peripheral blood 
lyni^hocytes (hPBL), activated by anti-C3>3 and anti-CD28 treatment, and cord blood 
CD34 hematopoietic progenitors were transduced and analysed as in Fig. 3 above, (2 
X 10^ TU/ml). As previously observed with HeLa and HUVEC, but even more 
dramatically, IRES-dependent expression was much less efficient than c£^-dependent 
e>q>ression from monocistronic vectors. At variance with HeLa, HUVEC and CD34 
cells, file only bicistronic vector detectably expressing the IRES-dependent gene in 
hPBLwastheNKF. 

Fig.5. Schematic drawings of integrated lentiviral vectors carrying bidirectional 
expression cassettes. Since transcription from flie LTR is abolished due to a deletion 
in the U3 region, transcription of flie mtemal genes is driven by the internal 
promoters. The indicated bidirectional promoters were generated by joining a minimal 
promoter obtained from the cytomegalovirus (minCMV) or mouse mammary tumor 
virus (minMMTV) and the efficient human PGK promoter O^PGK) in the opposite 
orientation. They were inserted between two rqporter genes and mediate the divergent 
transcription of two mRNAs, one in the sense and the other one in the antisense 
orientation relative to the vector (arrows). C£y-acting sequences and post- 
transcriptional regulatory elements enhancing the transduction and expression of the 
exogenous genes are also indicated. The central polypurine tract (cPPT) upstream of 
the expression cassettes increases the efficiency of vector transduction. The post- 
transcriptional regulatory element of the woodchuck hepatitis virus (Wpre) enhances 
expression of gene 2 and the constitutive transport element of the monkey Mason- 
Pfizer virus (CTE) enhances expression of gene 1. In addition, the antisense 
expression cassette includes the polyadenylation site of the simian viras 40 (SV40 
polyA). 

The monodirectional vectors used for the control e^qieriments are also shown. They 
comprise vectors carrying a hPGK-driven ^ression cassette in either ori^tation and 
containing the same set of regulatory elements described above, and vectors carrying 
expression cassettes driven by the two minimal promoters joined to Tet operator 




sequences. The latter vectors were used wititiout Tet-dependent activation to assess tiie 
basal transcriptional activity of the minimal promoters. 

For all vectors, the viral packaging signal Q¥) extended into the beginning of die gag 
gene (GA), the viral splice sites (SD and S A), the Rev response element (RRE) and 
die US-deleted LTR ar^ also shown. 

Fig. 6 Gene e^q^ression by bidirectional lentiviral vectors. Performance of the first 
egression cassette, placed in antisense orientation relative to the vector. HeLa cells 
were transduced with normalized amounts of the indicated vectors pressing 
luciferase and GFP (10^ TU/ml). After 5 days» luciferase expression was measured by 
luminescence of cell extracts vpon luminol addition (net luminescence over 
backgroung, in arbitrary units, AU.)- Gctc expression from the PGK promoter was 
not afifected by the joining of the minimal promoter in reverse orientation, as sho^ 
by comparing luciferase expression fix>m the monocistronic hPGK vector and the bi- 
directional MA-2 vector. On the oflier hand, gene expression from the minimal 
promoter was significantly enhanced by its joining to the PGK promoter in reverse 
orientation, as shown by comparing luciferase expression from the uninduced, (TetO) 
minCMV vector and the bi-directional MA-1 vector. 

Fig. 7 Gene expression by bidirectional lentiviral vectors. Performance of the second 
egression cassette, placed in sense orientation relative to the vector. HeLa cells were 
transduced with the indicated, normalized amounts of vectors expressing luciferase 
and GFP, After 5 days, GFP expression was measured by fluorescence of individual 
cells by FACS (the percentage of GFP+ cells is indicated with the mean fluorescence 
intensity, X). As observed in Fig.6 for the first cassette, gene e3q>ression fit>m the 
PGK promoter was not affected by the joining of the minimal promoter in reverse 
orientation, as shown by comparing GFP expression firom ftie monocistronic hPGK 
vector and the bi-directional MA-1 vector. On tiie other hand, gene expression from 
the minimal promoter was significantly enhanced by its joining to the PGK promote 
in reverse orientation, as shown by comparing GFP expression from the uninduced, 
(TetO) minMMTV vector and the bi-directional MA-2 vector. 
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Fig. 8 Comparison of bidirectional and bicistronic lentivircd vectors. HeLa cells were 
transduced with the indicated, normalized amounts of bi-directional MA-2 vector and 
of the best performing IRES wt bicistronic vector, boih expressing luciferase and 
GFP. Expression of both genes was measured as in the preceding figures. As expected 
from the normalization of transduction, expression of the first gene, tucif^ase, driven 
by the PGK promoter in the bidirectional vector and cap-translated in the bicistronic 
vector, was similar. Strikingly, however, expression of the second gene, GFP, driven 
by the minimal promoter in the bidirectional vector and IRES-translat^ in the 
bicistronic vector, was observed in a much hi^er fiiaction of cells wi& the 
bidirectional vector. 

Fig. 9 Efficient and coordinated gene in human hematopoietic progenitor cells by 
bidirectional lenthnral vectors. CD34+ hematopoietic progenitors were purified from 
cord blood and transduced with normalized amounts of the indicated vectors (SxlO^ 
TU/ml) expressing a truncated form of the human low-affinity NGF receptor 
(ALNGFR) and GFP. Ttie bidirectional MA-1 vector was compared to the best 
performing IRES wt bicistronic vector and to monocistronic PGK vectors expressing 
ALNGFR or GFP. After 7 days in culture in conditions maintaining the immature 
progenitors (>80% CD34+), gene expression was measured by ALNGFR 
immunostaining (using phycoerythrin-conjugated antibodies) and FACS analysis. 
Simultaneous analysis of ALNGFR and GFP expression in the top panel shows the 
fraction of cells expressmg only ALNGFR (left upper quadrant) or both genes (right 
upper quadrant), and their mean levels of expression (Y for ALNGFR and X for GFP). 
The MA-1 vector reached a high fiiequency of ALNGFR+ cells with an average 
expression level similar to that obtained by the monocistronic PGK vector; 
remarkably, the vast majority of these cells also expressed GFP to high levels. On the 
other hand, the bicistronic vector reached a lower frequency and a lower level of 
expression of ALNGFR and even more for GFP. The bottom panel shows non- 
immunostained cells to better visualize the total GFP+ population in comparison with 
cells transduced with monocistronic PGK vector. 
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Fig. 10 Maintenance of gene expression upon d^erentiation of hematopoietic 
progenitors transduced by bidirectional lenttviral vectors. The same ceUs described in 
Fig. 9 were cultured for 14 days in conditions promoting differentiation along the 
monocytic lineage (>90% CD13+) and then analysed for ALNGER and GFP gene 
expression. The g^e expression patterns described above were maintained upon 
differentiation. 

Fig. 11 Efficient and coordinated gene expression in htmum lymphocytes cells by 
bidirectional lenttviral vectors. Human poriphoal blood lymphocytes were purified 
by Ficoll gradient and transduced with normalized amounts (5x1 0' TU/ml) of the 
indicated vectors either after 4-day treatment with interleukin-7 (Resting) or after 2- 
day activation with anti-CD3 and anti-CD28 antibodies (Activated). The bidirectional 
MA-1 vector allowed efficient and coordmated expression of the two marker genes, 
ALNGFR and GFP, analyzed as described in the precedmg figures, in both cellular 
conditions. 

Fig 12a Map of the plasmid containing the lenttviral vector construct RRL-MAl- 
lucif/GFP 

.1 

Fig. 12b Sequence of the plasmid containing the lentiviral vector construct RRL-MAI- 
ludf/GFP 

Fig. 13a Map of the plasmid containing the lentiviral vector construct CCL-MAl- 
GFP/deltaLNGFR 

Fig. 13b Sequence of the plasmid containing the lentiviral vector construct COL- 
MAl-GFP/deltaLNGFR 

Fig. 14a Map of the plasmid containing the lentiviral vector constat lUtL-MA2- 
ludfiGFP 

Fig. 14b Sequence of the plasmid containing the lenttviral vector construct RItL-MA2- 
lucif/GFP 
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Fig. 15a Map of the plasmid containing the leniiviral vector construct CCL-MAS- 
GFP/deltaLNGFR 

Fig. 15b Sequence of the plasmid containing the lentiviral vector construct CCL- 
MA3-GFP/deItaLNGFR 

RESULTS 

We fiist constructed and evaluated bicistronic lentiviral vectors containing different 
IRES, botihi of viral and eucaiyotic origin, to express two marker genes (Fig. 1). We 
transduced bicistronic and control, monocistronic vectors into a panel of continuous 
and primary cells, including human umbilical vascular endothelial cells, 
hematopoietic progenitors and peripheral blood lymphoc>tes. To normalize 
transduction by the different vectois, we transduced HeLa cells wilh equal amounts of 
vector particles (as measured by HIV-1 Gag immunocapture) and analysed the 
transduced cells by Southern blot to calculate the average amount of integrated 
vectors (fig. 2). We then used this munber to normalize the vector stocks and 
transduce equal amounts of transducing particles into the target cells. By comparing 
cells transduced by bicistronic and monocistronic vectors, we found that only a 
fraction of the transduced cells expressed both genes and that the IRES-dependent 
gene was expressed to significant lower levels than when it was expressed by cap- 
dependent translation (Fig, 3 and 4). In addition, IRES sequences displayed cell-type 
specific activity, with different downstream gene expression levels in different cell 
types. For instance, the IRES derived fi-om the 5* untranslated region of the eucaryotic 
NF-kB repressive factor mRNA (NRF; Oumard et al., 2000) was the most efScient in 
lymphocytes (Fig. 4) while one of the IRES derived firom the encephalomyocaiditis 
virus (EMCV) was the most efficient in endothelial cells (Fig. 3). In conclusion, these 
exp^iments indicated that selection of transduced cells for expression of the IRES- 
dependent, downstream gene was required to ensure coordinated expression of both 
genes in all target cells. Althougih this requirement can be met in some types of 
applications, it seriously limits the usefulness of bicistronic vectors in most other 
ones. 
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To overcome these limitations, we constmcted and tested new promote designs for 
multiple gene expression and incorporated them into state-of-the-art, self-inactivating 
lentiviral vectors (FoUenzi et aL, 2000) to reach stable integration and efficient, 
coordinated expression in all transduced cells. We joined a minimal promoter 
upstream to an efficient promoter and in the opposite orientation. We constructed and 
tested difTmnt bi-directional promoters coupling a 400 bp fragment ^om the human 
phosphoglycerate kinase promoter with different minimal promoters derived from the 
cytomegalovuus (CMV) and mouse mammary tumor virus (MMTV) genomes (fig. 
S). The upstream expression cassette (in anti-sense orientation relative to the vector) 
included an exogenous polyadenylation site and a post-transcriptional regulatory 
element different from the one incorporated in the sense expression cassette to 
improve expression. By comparing the expression of equal amounts of l^itiviral 
vectors carrying the combined or the separate cassettes, we found tiiat the bi- 
directional design significantly oihanced transcription firom die minimal promoter 
while not affecting downstream expression from the PGK promoter (fig. 7). 
Strikingly, this new type of vector enabled efficient and coordinated expression of two 
genes in the vast majority of transduced cells, outperforming the IRES-based design 
both when normalized to vector copy number and when assessed for maximal 
efficiency of expression (fig. 8). We stringently verified these findings using well- 
quantifiable cell-associated markers such as luciferase, GFP and ALNGFR and 
proving stable co-expression of two genes within the same cell from a single-copy 
integrated bi-directional vector (fig. 9). We then established the improved 
performance of the new vectors in primary human hematopoietic progenitors tested as 
immature progenitors (fig. 10), and after differentiadon (fig. 11), and in resting and 
activated lymphocytes (Fig 12). Lentiviral vectors carrying the bi-directional 
expression cassettes were produced to high titers and mfectivity and transduced 
efficiently all target cell types tested. We are currently performing murine 
transplantation studies to verify the potential advantages of the new bi-directional 
vectors for the anq>lification and/or selection of a polyclonal population of engineered 
hematopoietic stem cells. We are also performing vector transgenesis experiments to 
prove the efficient and coordinated expression of two exogenous genes in all types of 
tissues. 
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EXAMPLES 



Construction of lentiviral vector with bi-directional promoters 

To generate the lentiviral construct RRL-MAl, an XhoI*XhoI firagment containing 
the SV40polyA.CTE.Luciferase.nmihCMV elements (derived from the lentiviral 
construct 

pRRL.sinxPPT.SV4()polyA.CraXudferasejninhC^^ 

was cloned into ttie lentiviral vector construct. 
pRRL.sin.cPPT.hPGK.eGFP.WpreCFollenzi et al., 2000) cut with the same enzyme to 
obtain RRL-MAMucifi^GFP 
(pRRL,sin.cPPT.SV40polyA.CTEXuciferase.minhCMV 

To generate the lentiviral construct CCXr-MAl, two firagments were cloned into the 
lentiviral construct pRRL.sin.cPPT.hPGKL ALNGFRWpi^ first cut with Kpnl, blunted 
and then cut with Xhol, the first fragment containing the minhCMV.eGFP elements 
was derived from the lentiviral construct 

pRRL.sin,cPPT.SV40polyA.(:n:EXuciferase.am^ cut 
with Kpnl, blunted and then with Xhol and the second d^ived fronx the construct 
pRRL.sin.cPPT.SV40polyA.CTE.tTA2.Wpre cut with BamHI, blunted and then cut 
with Notl. The resulting lentiviral construct 

pRRL.siuxPPT.SV40polyA.CTE.Luciferase.minMMTV.TetO7.ni^ was 
cut with Notl and Avrll and the fragment containing ttie 
cPPT.SV40polyA-CTExGFP.iniiaiCMV.hPGK^ was cloned into the 

lentiviral construct pCCL.siiLcPPT.hPGK.eGFP.Wpre cut with the same enzymes to 
obtain CCL-MAl-GFP/ALNGFR 
(pCCL.sin.cPPT.SV40polyA.CTE.eGFP.ininhCMV.hPGKLALNGro 

To generate the lentiviral constmct RRL-MA2, a HindUI-BamHI fragment 
containing the hPGK.Luciferase elements (derived from the lentiviral vector construct 
pRRL.sin.cPPT.hPGK.Luciferase.IRES.Wpre) was cloned into the retroviral construct 
SF2-CLCM2G (obtained from Rainer Loew, University of Heidelberg, FRG) cut with 
tiie same enzymes to obtain the constmct 



11 

cPPT.SV4()polyA.CTEXuciferaseJiPGK.niiiiMMTV.eGFP. This constnxct was first 
cut with Sail, blunted and tiien cut with BamHI and the firagmoit containing the 
LuciferaseJiPGK.minMMTV.eGFP elements was cloned into flie lentiviral vector 
construct pKRL.sm.cPPT.SV40polyA.CTE.tTA2.Wpre cut in the same way, to obtain 
RRL-MA2-lucifi'GFP 

(pRRL.sin.cPPT.SV40polyA.CTE.Luciferase.hPGKjminMMTV.eGFP.Wpre). 

To generate the lentiviral construct CCL-MA3, two fragments were cloned into the 
pBLKS+ cut with HindlH and Xhol, the first fragment containing the 
CTE.SV40polyA elanents was derived from the lentiviral vector construct 
pRRL.sin.dPPT.SV40polyA.CTB.tTA2 cut with Hindm and Xbal and the second 
fragment containing the minMMTV.GFP elements derived from the construct 
cPPT.SV40polyA.CTE.Luciferase.hPGKminMMTV.eGFP cut with Xhol and Xbal 
to obtain the constmct pBLKS+ minMMTV.GFP.CTE.SV40polyA. The resulting 
construct was cut with EcoRV and Xhol and the fragmoit containing the 
minMMrV.GFP.CTE.SV4(^lyA was cloned into the lentiviral vector construct 
pCCL.sin.cPPT.hPGKDNGFR.Wpre cut with the same enzymes,to obtain the final 
lentiviral vector construct CCI^MA3-GFP/ANGFR 

0)CCL.sin.cPPT.SV40polyA.CTE.GFP.minMMTVJiPGKANGFR.Wpre) 

The maps and the nucleotide sequences of the RRL-MAl-ludfi'GEP, CCL-MAl- 
GFP/ALNGFR, RRL-MA2-lucifGFP; CCL-MA3-GFP/ALNGFR cdttstrubts are 
shown respectively in figures 12a-15a and figures 12b-15b. 

DISCUSSION 

Our results show several important limitations of IRES-containmg bicisttonic vectors 
for the co-ordinate delivery and expression of two genes within the same cell. First, 
for all types of IRES tested, the IRES-dependent gene was expressed to mucH lower 
levels than the Cap-dependent gene. Second, the IRES sequences showed cell type- 
specific differences in translation efficiency, suggesting that different cellular fectors 
interact vidth the IRES. For example, the NRF IRES was the most efficient sequence 
in lymphocytes but not in the other cell types tested, probably because it is involvfcd in 
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the regulation of cytokine translation in these cells. Thiid, the introduction of an IRES 
sequence had a negative influence on the expression of the upstream gene. The extent 
of this phenomenon varied with the target ceU type and wi& the IRES sequence and 
probably reflects the influence of the IRES secondary structure on the mRNA stability 
or function. Fourth, because the two genes in a bicistronic expression construct share 
a common transcript, sequence-specific effects on expression extend fiom one to both 
genes. For instance, the bicistronic vectors containing hiciferase as upstream gene 
expressed the IRES translated gene at lower levels as compared to fliose obtained 
whai the ALNGFR was the upstream gene. In addition, by this approach, the 
expression ratio between the two transgene is dictated by the efficiency of the selected 
IRES sequence and there is litUe room for adjusting it For all these reasons, the 
majority of transduced cells that expressed the upstream gene in our experiments did 
not co-express the IRES-dependent gene to detectable levels. Thus, to ensure co^ 
expression of both g^es, one must either select the cells for expression of the IRES- 
dependent gene or transduce muWple copies of vectors in each target celL Both of 
these approaches are challenging in most in vitro and in vivo gene transfer 
^^lications. 



The new bi-directional promoter design that we have developed and the vectors that 
incorporate them overcome these limitations. We joined a minimal promoter upstream 
to an efficient promoter and in the opposite orientation. The rationale behind this 
design is the sharing of orientation-independent enhancer activity contributed fiom 
the efficient promoter between the two closely linked basal promotcas acting in 
opposite directions. The bi-dkectional promoter thus mediates the coordinated, 
divergent transcription of two mRNAs. Our experiments showed that lentiviral 
vectors carrying bi-directional promotes enable efficioit and coordmated expression 
of two genes in the vast majority of transduced cells, outperfomiing IRES-containing 
vectors botii when normalized to vector copy number and when assessed for maxunal 
efficiency of expression. In addition, die percentage of cells expressing both genes 
after transduction with a bi-directional vector was comparable to the percentage of 
cells expressing dther transgene after transduction with control monocistronic 
vectors. By ensuring smgle copy vector mtegration in target cells, we also proved that 
divergent transcription occurred firom the same promoter to adequate levels for 
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Teaching coordinate egression of both genes within the same cell. Xmportanfly, the 
bi-directional promoters vf&cc consistency expressed in all types of target cells tested 
and our long-tenn analysis showed that this design was neither silenced nor randomly 
fixed in one direction of transcription, even after cellular differentiation, as in the case 
of monocyte differentiation jfrom human CD34+ hematopoietic progenitors. 

Whether the bi-directional promoter configuration allowed stable transcription of two 
genes fiom a single transfected/transduced construct, and whether the two gene& 
reached robust levels of expression coidd not be anticipated. Moreover, we had to 
make this design compatible witfi efiScient packaging, transf^ and expres^iion by 
lentiviral vectors, possibly a difScult task givra the well-known interference of 
antisense transcription witti retroviral vector production and expression. In nature, few 
instances of bi-directional promoters have been documented. Artificial bi-directional 
promoters have been previously used to express two genes under the control of the 
tetracycline-dependent expression system (Baron et al., 1995). In this design, two 
copies of a minimal promoto: were joined in opposite orientation to both sides of a 
series of Tet-operator repeats. This expression system used a combination of 
prokaryotic and eukaryotic elements to achieve exogenously regulated gene 
expression. To our knowledge no application of bi-directional promoters has been 
described to the constitutive, ubiquitous or tissue-specific expression of more than one 
exogenous gene in animal cells. However, bidirectionalization of polar promoters for 
gene expression in plants has been described pCie et al., 2001). Given the substantial 
evolutionary distance between plants and animals it was not known whether this type 
of qjproach would also work in animal cells and how to select and engineer the 
^propriate promoter elements, hi addition, the substantial difference between DNA 
transfer techniques and their outcome in plant genetic engineering versus those used 
for animal cell genetic engmeering hampers cross-predicting the suitability of a gene 
expression method or construct from one to tiie other eqpplicatioiL 

In principle any minimal or "core" promoter, here defined as the DNA sequence 
region immediately upstream to the transcription initiation site of an artificial or 
naturally occurring viral or cellular promoter which contains binding sites for basal 
transcription factors and can initiate downstream transcription only to basal or 
minimally detectsible levels of its own» could be joined as described in the examples to 
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a more extended promoter sequCTce, again artificial or naturally occurring viral or 
cellular, that can drive transcription to well-detectable levels in most cell types or, 
altCTiatively, only in specific cell types, to obtain a bi-directional promoter. Although 
we did not map how close the two promoters must be for operational linkage, we may 
expect that close juxtqiosition of fhc minimal promoter to some of the iq>stream 
elements in the efiScient promote, as observed in natural promoter betwera core 
elemCTts and iqistream elements, may be required. The minimal CMV and MMTV 
promoters that we tested are quite different between themselves, for instance the 
former contains a well-identifiable TATA box while the latter one does not, so it is 
likely ttiat most other types of minimal or core promoters would similarly work in a 
bi-directional context We expect ttie same to be true for file efBcirat promoter 
rq>resented by the PGK promoter m our examples. The expected versatility in bi- 
directional promoter assembly may allow reaching different expression levels and 
ratio of the two exogenous genes by exchanging their position or by changing either 
component of the bi-directional promoter. In addition, the incorporation of post- 
transcriptional regulatory elements in either or both orientations, as shown in our 
examples, may fiuther enhance gene expression. 

We expect that the bi-directional design described here by engineering the 
ubiquitously expressed PGK promoter be successfiilly applied to tissue-specific 
promoters to obtain coordinated ^ression of two genes in specific types of tissues. 
In addition, by combining the use of bi-directional promoters and bicistronic 
transcripts one could express more than two exogenous genes within the same cells 
although with the limitations of ef&ciency described above for the IRES-dependent 
ones. 

The successfiil generation of lentiviral vectors allowing efBcient and coordinated 
expression of two genes provides the best means to address fiie requirements of 
ejqierimental gene transfer and safe and efBcacious gene thers^y mentioned above. Jn 
addition, the bidirectional promoters, and the new lentiviral vectors incorporating 
fiiem, allow generating transgenic lines co-ordinately expressing multiple trdnsgenes. 
If adqsted for the e}q>ression of short interfering RNA, they may also enable 
coordinate knock-down of multiple genes. 
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The application intends to protect: 

1 . A bidirectional promoter for expression of two or more genes essentially 
comprising a minimal promoter sequence upstream to a full efficient promoter 
sequence, this fidl efficient promoter sequmce including an enhancer region, being 
die two promoter sequences in the opposite orientation. 

2. The bidirectional promoter according to Claim 1 wherem the fiill efficient 
promoter is derived from the human phosphoglycerate kinase promoter. 

3. The bidirectional promoter according to Claim 1 or 2 wherein flie miTiifn^ l 
promoter is derived from cj^megalovirus (CMV) or mouse mammary tumor virus 
CMMTV) genomes? 

4. A bidirectional expression cassette essentially comprising the bidirectional 
jiromoter according to any of previous claims, convenient insertion sites positioned 
downstream to each promoter, and polyadenylation sites positioned downstream to 
each insertion site. 

5. The bi-directional expression cassette according to claim 4 further comprising 
at least one post-transcriptional regulatory element positioned upstream to one or each 
polyadenylation site. 

6. The bidirectional expression cassette according to claim 4 or 5 further 
comprising at least one internal ribosome entry site (IRES) sequence to express three 
or more genes. 

7. An expression constmct containing the bidirectional promoter according to 
claims 1-3. 

8. An expression construct containing the bidirectional eiq>ression cassette 
according to claims 4-6. 

9. A gene transfer expression vector containing the expression construct 
according to claims 7 or 8 further comprising lentiviral sequences. 

10. Use of the gone transfer expression vector according to claim 9 for the 
delivery and expression of multiple gmes in eukaryotic cells. 

1 1 . Method for generating a transg^c non human organism comprising the step 
of transforming ^propriate celjls by means of the gene transfer expression vector 
according to claim 9. 
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Fig 12a Map of the plasmid containing the lentiviral vector constract RRL-MAJ- 
lucifi^GFP 



Fig. 12b Sequence of the plasmid contaimng the lentiviral vector construct RRL- 
MAl-lucifi'GaT 

caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgaga 
caataaccctgataaatgcttcaataatattgaaaaaggaag^gtatgagtattcaacatttccgtgtcgcccttattccctttttt 
gcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagt 
gggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttt 



atgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat 
aaccatgagtgataacact^ggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac 
atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccac 
gatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatag 
actggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctgg 
agccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacac 



gtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgata 

atctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtca^ccccgtagaaaagatcaaaggatcttcttgag 
atcctttttttctG- " 



accaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggcc 
accacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataag 



ggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcagggggg 

cggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctg 

cgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 

cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaa 

tgcagctggcacgacaggtttcccgactggaaagqgggcagtgagcgcaacgcaattaatgt^gttagctcactcattag 

gcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagc 

tatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagctgcaagcttaatgtagtctta 



cgattggtggaagtaaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggatfegacgaaccact 



ctgggagctctctg^taactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgccc 
gtctgttgtgtgactctggtaactagagatccctcagacccttttagteagtgtggaaaatctctagcagtggcgcccgaaca 



gaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggtgcgagagcgtc 
agtattaagcgggggafiaattagatcgcgatgEgaaaaaattcg^aaggnRftggg5gnniig^gggai,tataflattaaa 



;aca 

_ _ tctatt 

gtgtgcatcaaaggatagagataaaagacaccaaggaagcttta^aagataga^aagagcaaaacaaaagtaagac 
caccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatataaa 
tataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagag 



tacaggccagacaattaittgtctggtatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagcatctgtt 

gcaactcacagtctggggcatcaagcagctccaggcaagaatcctggctgtggaaagatacctaaaggatcaacagctcc 

tggggatttggggttgctctggaaaactcatttgcaccactgctgt^ttggaatgctagttggagtaataaatctctggaac 



12b 1/3 



a^tttggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagcttaatacactccttaattgaaga 

atcgcaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatgggcaagWgtggaattggtttaacataa 

caaattggctgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaatagttmgctgtactttcte^ 



tttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatagcaacagacatacaaacta 

aagaattacaaaaacaaattacaaaaattcaaaattttategatcacgagactagcctcgagagatctgatcataatcagw^ 

accacatttgtagaggttttacttgctttaaaaaacctcccacacctccccctgaacctgaaacataaaatgaat^^ 

ttgttaacttgtttattgcagcttataatggttacaaataaggcaatagcatcacaaaWcacaaataaggcatttttttcactgca 
ttctagtmggWgtccaaactcatcaatgtatcttatcatgtetggatctcaaatccctcggaagctgcgcctgtcttaggttg^ 
^gatacatttttatcacttttacccgtctttggattaggcagtagctctgacggccctcctgtctto^ 

ctctcttacccgtcattggctgtccagcttagctcgcaggggaggtggtctggatastctagaattacacggcgatcttt 

ccttcttggcctttatgaggatctctctgattWcttgcgtcgagtmccggtaagaccmcggtacttcgtccacaaacac^ 

ctcctccgcgcaactttttcgcggttgttacttgactggccacgtaatccacgatctctttttccgtcate^^ 



gttggagcaagatggattccaattcagcgggagccacctgatagcctttgtacttaatcagagacttcaggcggtcaacgat 



tccagatccacaaccttcgcttcaaaaaatggaacaactttaccgaccgcgcccggtttatcatccccctcgggtgtaatcag 

aatagctgatgtagtctcagtgagcccatatccttgcctgatacctggcagatggaacctcttggcaaccgcttccccgactt 

ccttagagaggggagcgccaccagaagcaatttcgtgtaaattagataaatcgtatttgtcaatcagagtgcttttgg 



atacattaagacgactcgaaatccacatatcaaatatccgagtgtagtaaacattccaaaaccgtgatggaatggaacaaca 
cttaaaatcgcagtatccggaatgatttgattgccaaaaataggatctctggcatgcgagaatctcacgcaggcagttctatg 



ctctggcacaaaatcgtattcattaaaaccgggaggtagatgagatgtgacgaacgtgtacatcgactgaaatccctggtaa 

tccgtWagaatccatgataataatttmggatgattgggagctttttttgcacgttcaaaattttttgcaaccTC 

aacaccacggtaggctgcgaaatgcccatactgttgagcaattcacgttcattataaatgtcgttcgcgggcgcaactgcaa 

ctccgataaataacgcgcccaacaccggcataaagaattgaagagagttttcactgcatacgacgattctgtgatttgtattca 

gcccatatcgtttcatagcttctgccaaccgaacggacatttcgaagtactcagcgtaagtgatgtccacctcgatatgtgcat 



gatagaatggcgccgggcctttctttatgtttttggcgtcttccatggtgaattccgcggaggctggatcggtcccggtgte 
tatggaggtcaaaacagcgtggatggcgtctccaggcgatctgacggttcactaaacgagctctgcttatataggcctc 



tccca 



tgcgcagggacgcggctgctctgggcgtggttccgggaaacgcagc^^^CTOtgggtctegc 
tccgttcgcagcgtcacccggatcttcgccgctacccttgtgggccccccggcgacgcttcctgctccgcccctaagtcgg 



gacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgccacctacggcaagctgaccct 
cae 



tctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgt 
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gcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaaccact^ 

cacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgctggagttcgtga^ 

gatcactctcggcatggacgagctgtacaagtaaagcggccgcgtcgacaatcaacctctggattacaa 

attgactggtattcttaactatgttgctccttttacgctatgtggatacgctgctttaat^^ 

ggctttcattttctcctccttgtalaaatcctggttgctgtctctttatgagga^ 

gtgcactgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagctectttccg 

cctccctattgccacggcggaactcatcgccgcctgccttgcccgctgctggacaggggctcggctgtt 

attMgtggtgttgtcggggaagctgacgtccmcxatggctgctcgcctgtgttgccacrt^ 

ttctgctacgtcccttcggccctcaatccagcggaccttccttcccgcggcctgctgcc^^ 

cgccttcgccctcagacgagtcggatctcccmgggccgcctccccgcctggaattcgagctcggta^ 

gacttacaaggcagctgtagatcttagccactttttaaaagaaaaggggggactggaagggctaat^ 

acaagatctgcttWgcttgtactgggtctctctggttagaccagatctgagcctgggagcte^^ 

artgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccgtctgtt^^ 

ctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatcttattattcagto 

gaata tcagag agtgagaggaacttgtttattgcagcttataat^ 

aagcattttmcactgcattctagttgtggmgtccaaactcatcaatgtatcttatc^ 

ctccgcccagttccgcccattctccgccccatggctgactaattttmtatttatgcagagg^ 

agctattccagaagtagtgaggaggctttmggaggcctaggctmgcgtcgagacgtaccca^^ 

cgtattacgcgcgctcactggccg^cgttttacaacgtcgtgactgggaaaaccctggcgttac^ 

gcacatcccccmcgccagctggcgteatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctga^ 

tggcgaatggcgcgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgtg^ 

acttgccagcgccctagcgcccgctccmcgcmcttcccttccmctcgccacgttcgccggctttcccc^ 

aatcgggggctccctttagggttccgatttagtgctttacggcacctcgaTCCcaaaaaacttgatt^^ 

agtgggccategccctgatagacggttmcgcccmgacgttggagtccacgttctttaatagtggactcttg^^ 

gaacaacactcaaccctatctcggtctattcttttgatttataagggatmgccgatttcggcctattg^ 

tttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcc 
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Fig. 13a Map of the plasmid containing the lentiviral vector construct CCSL-MAl- 
GFP/deltaLNGFR 



Fig. 13b SequCTce of the plasmid containing the leativiral vector constroct CCL- 
MAl-GEP/deltaLNGFR 



caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgaga 

caataaccct^taaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttt^ 

gcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagt 

gggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaat 

taaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcag 

atgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat 

aaccatgagtgataacactgcggcxjaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac 

atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccac 

gatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatag 

actggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctgg 

agccggtgagcgtgggtctcgcggtatcattgcagcactggggcc^gatggtaagccctcccgtatcgtagttatctacac 

gacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaac 

gtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttg^ 

atctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaa^caaaggatcttcttgag 

^tcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagct 

accaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggcc 

accacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataag 

tcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcac 

acagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttccc 

gaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg 

ggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcagggggg 

cggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggcctttlgctcacatgttctttcctg 

cgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 

cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaa 

tgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattag 

gcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagc 

tatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagctgcaagcttggccattgcat 

acgttgtatccatatcataatatgtacatttatattggctcatgtccaacattacc^catgttgacattgattattga^^ 

atagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatggcccgcctgg 

ctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattga 

cgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattga 

cgtcaatgacggtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgt 

attagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggatttcc 

aagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccg 

ccccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccggggtctct 

ctggttagaccagatctgagcctgggagctctctggcttoctagggaacccactgcttaagcctcaataaagcttgccttga 

gtgcttcaagtagtgtgtgcccgtctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaa^ 

ctagcagtggcgcccgaacagggacctgaaagcgaaagggaaaccagagctctctcgacgcaggactcggcttgctga 

agcgcgcacggcaagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggaga 

gagatgggtgcgagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccaggggg 

aaagaaaaaatataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaa 

acatcagaaggctgtagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatata 

atacagtagcaaccctctattgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaag 

agcaaaacaaaagtaagaccaccgcacagcaagcggccgctgatottcagacctggaggaggagatatgagggacaat 
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tggagaagtgaatta t a t a a a t a t aaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtg 

gtgcagagagaaaaaagagcagtgggaataggagcmgttccttgggttcttgggagcagcaggaagcactatgg^ 

agcctcaatgacgctgacggtacaggccagacaattattgtc^gtatagtgcagcagcag^ 

gaggcgcaacagcatctgttgcaactcacagtcrtg^gcatcaagcagctccaggcaagaatcctggctgtggaaag^ 

cctaaaggatcaacagctcctggggamggggttgctctggaaaactcaWgcaccactgctgtgccttggaatgct^^ 

gagtaataaatctctggaacagattggaatcacacgacctggatggagtgggacagagaaatt^ 

atacactccttaattgaagaatcgcaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatgggcaagttt 

gtggaattggtttaacataacaaattggctgtggtatataaaattattcataatgatagtaggaggcttggt^ 

tttngctgtactttctatagtgaatagagttaggcagggatattcaccattatcgtttcagacccaccto 

acccgacaggcccgaaggaatagaagaagaaggtggagagagagacagagacagatccattcgattagtga^ 

tcgacggtatcggttaactmaaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacat^ 

caacagaca t a ca a ac taaagaattac aaaaacaaat tacaaaaattcaaaattttatcgatcacgagactagcctcga^^ 

atctgatcataatcagccataccacatngtagaggttttacUgctttaaaaaacctcccacacctcc^ 

taaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaggcaatagcatcacaaaW^ 

taaggcatttttttcactgcattctagtWggmgtccaaactcatcaatgtatcttatcat^ 

ctgcgcctgtcttaggttggag;tgatacatttttatcacttttaccc^^ 

taggttagtgaaaaatgtcactctctta(xcg^cattggctgtccagcttagctcgcaggggaggtggt^^^ 

gaattggccgctttacttgtacagctcgtccatgccgagagtgatcccggcggcggjcacgaactccagcaggac^ 

atcgcgcttctcgttggggtcmgctcagggcggactgggtgctcaggtagtggttgtcgggcagcagcacg^^ 

gccgatgggggtgttctgctggtagtggtcggcgagctgcacgctgccgtcctcgatgttgtggcg^^^ 

ttgatgccgttcttctgcttgtcggccatgatatagacgttgtggctgttgtagttgtactccagcttgtgcw^ 

gtcctccttgaagtcgatgcccttcagctcgatgcggttcaccagggtgtcgccctcgaacttca^^ 

agttgccgtcgtccttgaagaagatggtgcgctcctggacgtagccttcgggcatggcggacttgaagaagtc^ 

catgtggtcggggtagcggctga^cactgcacgccgtaggtcagggtggtcacgagggtgggccagggcacgggca 

gcttgccggtggtgcagatgaacttcagggtcagcttgccgtaggtggcatcgccctcgccctcgccggaca 

tgtggccgtttacg^cgccgtccagctcgaccaggatgggcaccaccccggtgaacagctccto^ 

tgaattccgcggaggctggatcggtcccggtgtcttctatggaggtcaaaacagcgtggatggcgtctccaggcga^^^ 

cggttcactaaacgagctctgcttatataggcctcccaccgtacacgcctaccctcgagaagcttgat^tcgaattc^^ 

ggttggggttgcgcctWccaaggcagccctgggm©5gcagggacgcggctgctctgggcgtggttQc^^ 

agcggcgccgaccctgggtctcgcacattcttcacgtccgttcgcagcgtcacccggatcttcgccgctacccttgtgggc 

cccccggcgacgcttcctgctccgcccctaagtcgggaaggttccttgcggttcgcggcgtgccggacgtg^^ 

aagccgcacgtctcactagtaccctcgcagacggacagcgccagggagcaatggcagcgcgccgaccgcgatgggct 

gtggccaatagcggctgctcagcggggcgcgccgagagcagcggccgggaaggggcggtgcgggaggcggggtgt 

ggggcggtagtgtgggccctgttcctgcccgcgcggtgttccgcattctgcaagcctccggagcgcacgtcggca^^ 

ctccctcgttgaccgaatcaccgacctctctccccagggggatcccccgggctgcaggaattcgggcc^^ 

Sgcgggcagggggggcgctggagcgcagcgcagcgcagccccatcagtccgcaaagcggaccgagctggaagtcg 

agcgctgccgcgggaggcgggcgatgggggcaggtgccaccggccgcgccatggacgggccgcgcctgctgctgtt 

gctgcttctgggggtgtcccttggaggtgccaaggaggcatgccccacaggcctgtacacacacagcggtgagtgctgca 

aagcctgcaacctgggcgagggtgtggccca^ttgtggagccaaccagaccgtgtgtgagccctgcctggara 

gacgttctccgacgtggtgagcgcgaccgagccgtgcaagccgtgcaccgagtgcgtggggctccagagcatgtcggc 

gccgtgcgtggaggccgacgacgccgtgtgccgctgcgcctacggctactaccaggatgagacgactgggcgctgcga 

ggc^gccgcgtgtgcgaggcgggctcgggcctcgtgttotcctgccaggacaagcagaacaccgtgt^ 

ccccgacggcacgtattccgacgaggccaaccacgtggacccgtgcctgccctgcaccgtgtgcgaggacaccgagcg 

ccagctccgcgagtgcacacgctgggccgacgccgagtgcgaggagatccctggccgttggattacacggtccaca^ 

cccagagggctcggacagcacagcccccagcacccaggagcctgaggcacctocagaacaagacctcatagccagca 

cggtggcaggtgtggtgaccacagtgatgggcagctcccagcccgtggtgacccgaggcaccaccgacaacctcatcc 

ctgtctattgctccatcctggctgctgtggttgtgggccttgtggcctacatagccttcaagaggtggaaca 

agagtcgagtctagagtcgacaatcaacctctggattacaaaaWgtgaaagattgactggtattcttaac^ 
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acgctatgtggatacgctgctttaatgcrtttgtatcatgctattgottcccgtatggcttte 

gttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgmgctg^ 

ctggttggggcattgccaccacctgtcagctcctttcxgggactttcgctttccccctccct^ 

ccgcctgccttgcxcgctgctggacaggggctcggctgttgggcactgacaattccgtggtgttgtc 

cctttccatggctgctcgcctgtgttgccacctggattctgcgcgggacgtccttctgctacgtccctt^ 

cggaccttccttcccgcggcctgctgccggctctgcggcctcttccgcgtcttcgccttcgccctcagac^^ 

ccmgggccgcctccccgcctggaattcgagctcggtacctttaagaccaatgacttacaaggcagctgtagatctta^ 

ctttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagatct^^ 

ctggttagacca^ctgagcctgggagctctctggctaactagggaacccactgcttaagcctcaataaag(m 

gtgcttcaagtagtgtgtgcccgtctgttgtgtgactctggtaactagagatccctcagaccclit^ 

ctagcagtagtagttcatgtcatcttattattcagtatttataacttgcaaagaaatgaatateagagag^^ 

ttgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatlttttt 

gtccaaactcatcaatgtatcttatcatgtctggctctagctatcccgcccctaactccgcccagtto 

atggctgactaatttttmatttatgcagaggccgaggccgcctcggcctctgagctattccagM 

tggaggcctaggctfflgcgtcgagacgtacccaattcgccctatagtgagtcgtattacgcgcgctcactggcc^^ 

caacgtcgtgactgggaaaaccctggcgttacccaacttaatcgcctt^agcacatccccct^ 

gcgaagaggcccgcacxgatcgcccttcccaacagttgcgcagcctgaatggcgaatggcgcgacgcgccctgtagcg 

gcgcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccgctacacttgccagcgccctagcgcccgctcct^ 

gcmcttcccttccWctcgccacgttcgccggctttccccgtcaagctctaa^ 

tgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgccctga^^ 

gccctttgacgttggagtccacgttctttaatagtggactcttgttccaaac^aacaacactcaaccctatc^^ 

tttgatttataagggattttgccgatttcggcctattggttaaaaaatgagctgatttw 

atattaacgtttacaatttcc 
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Fig. 14a Map of flie plasmid containing &e lentiviral vector constract RRL-MA2- 
lucifi'GFP 



Fig. 14b Sequence of the plasmid containing &e lentiviral vector construct RRIy- 
MA2.1ucijB^GFP 

caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgaga 

caataaccctgataaatgcttcaataatattggaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattccct^ 

gcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagt 

gggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcactt^ 

taaagttctgctatgtg^gcggtattatcccgtattgacgccgggcaagagcaactcggtc^cgcatacactattctcaga 

atgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat 

aaccatgagtgaiaacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac 

^tgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccac 

gatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatag 

actggatggaggcggataaagttgcaggaccacttctgcgqtcggcccttccggctggctggtttattgctgataaatctgg 

agccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgtagttatctacac 

gacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaact 

gtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgata 

atctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgag 

atcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagct 

accaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggcc 

accacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataag 

tcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcac 

acagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttccc 

gaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg 

ggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggg^ 

cggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctg 

cgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcg 

cagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaa 

tgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattag 

gcaccccaggctttacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcaQacaggaaacagc 

tatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagctgcaagcttaatgtagtctta 

tgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatgccttacaaggagagaaaaagcaccgtgcatgc 

cgattggtggaagtaaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggattggacgaaccact 

gaattgQCgcattgcagagatattgtatttaagtgcctagctcgatacaataaacgggtctctctggttag^ccagatctgagc 

ctgggagctctctggctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgccc 

gtctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagtggcgcccgaaca 

gggacctgaaagcgaaagggaaaccagagctctctcgacgcaggactcggcttgctgaagcgcgcacggcaagaggc 

gaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggtgcgagagcgtc 

agtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaaatataaattaaa 

acatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaaacatcagaaggctgtagaca 

aatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatataatacagtagcaaccctctatt 

gtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaagagcaaaacaaaagtaagac 

caccgcacagcaagcggccgctgatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatataaa 

tataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagag 

cagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcctcaatgac^tgacgg 

tacaggccagacaattattgtctggtatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagcatctgtt 

gcaactcacagtctggggcatcaagcagctccaggcaagaatcctggctgtggaaagatacctaaaggatcaacagctcc 

tggggatttggggttgctctggaaaactcatttgcaccactgctgtgccttggaatgctagttggagtaataaatctctggaac 
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agattggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagcttaatacactccttaattgaa 

tcgcaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatgggcaagtttgtggaattggt^^ 

aaattggctgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaatag 

aatagagttaggcagggatattcaccattatcgtttcagacccacctcccaaccccgaggggacccgacaggcccgaagg 

aatagaagaagaaggtggagagagagacagagacagatccaUcgattagtgaacggatctcgacggtatcggttaacttt 

taaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatagcaacagacatacaaactaaa 

gaattacaaaaacaaattacaaaaattcaaaattttatcgatcacgagactagcctcgagagatctgatcata^ 

cacatUgtagaggttttacttgctttaaaaaacctcccacacctccccctgaacctgaaacataaaatga^ 

ttaacttgtttatt^agcttataatggttacaaataaggcaatagcatcacaaattto 

tagttttggtttgtccaaactcatcaatgtatcttatcatgtctggatctcaaatccctcggaagct^^ 

tgatacatttttatcacttttacccgtctttggattaggcagtagctctgacggccctcctgtct^ 

ctcttacccgtcattggctgtccagcnagctcgcaggggaggtggtctggatccctggatatcaagaattcg^ 

cagatcctctagaattacacggcgatctttccgcccttcttggcctttatgaggatctctctgattmcttgcgtcgag^ 

taagacctttcggtacttcgtccacaaacacaactcctccgcgcaactttttcgcggttgttacttgactgg<^ 

gatctctttttccgtcatcgtctttccgtgctccaaaacaacaacggcggcgggaagttcaccggcgtcate 

cctgcgacacctgcgtcgaagatgttggggtgttggagcaagatggatt(xaattcagcgggagccacctgatagccttt^ 

acttaatcagagacttcaggcggtcaacgatgaagaagtgttcgtcttcgtcccagtaagctatgtctcxagaatgtagccat 

ccatccUgtcaatcaaggcgnggtcgcttccggattgtttacataaccggacataatcataggacctctcac^ 

cctctttgattaacgcccagcgttttcccggtatccagatccacaaccttcgcttcaaaaaatggaacaactttaccgacxg^^ 

cccggmatcatccccctcgggtgtaatcagaatagctgatgtagtctcagtgagcccatatccttgcctgatacct^^ 

tggaacctcttggcaaccgcttccccgacttccttagagaggggagcgccaccagaagcaatttcgtgtaaattag 

cgtamgtoaatcagagtgcttttggcgaagaaggagaatagggttggcaccagcagcgcactttgaat^ 

aggctcctcagaaacagctcttcttcaaatctatacattaagacgactcgaaatccacatatcaaatatccgagtgtagtaaac 

attccaaaaccgtgatggaatggaacaacacttaaaatcgcagtatccggaatgatttgattgccaaaaataggatct^^ 

atgcgagaatctcacgcaggcagttctatgaggcagagcgacacctttaggcagaccagtagatcca^^ 

cagtgcaaUgtcttgtccctatcgaaggactctggcacaaaatcgtattcattaaaaccgggaggtagatgagatgtgac^ 

acgtgtacatcgactgaaatccctggtaatccgttttagaatccatgataataattttn 

caaaattttttgcaacccctttttggaaacgaacaccacggtaggctgcgaaatgcccatactgttgagcaattcacgtt 

taaatgtcgttcgcgggcgcaactgcaactccgataaataacgcgcccaacaccggcataaagaattgaagagagttttca 

ctgcatacgacgattctgtgatttgtattcagcccatatcgtttcatagcttctgccaaccgaacggacattt^ 

cgtaagtgatgtccacctcgatatgtgcatctgtaaaagcaattgttccaggaaccagggcgtatctcttcato^ 

gttgctctccagcggttccatcttccagcggatagaatggcgccgggcK^ctttatgtt^ 

gatccccctggggagagaggtcggtgattcggtcaacgagggagccgactgccgacgtgcgctccggaggcttgcaga 

atgcggaacaccgcgcgggcaggaacagggcccacactaccgccccacaccccgcctcccgcaccgccccttcccgg 

ccgctgctcteggcgcgccccgctgagcagccgctattggccacagcccatcgcggtcggcgcgctgccatt 

gcgctgtccgtctgcgagggtactagtgagacgtgcggcttccgtttgtcacgtccggcacgccgcgaaccgcaaggaac 

cttcccgacttaggggcggagcaggaagcgtcgccggggggcccacaagggtagcggcgaagatccgggtgacgctg 

cgaacggacgtgaagaatgtgcgagacccagggtcg^gccgctgcgtttcccggaaccacgcccagagcagccgcg 

tccctgcgcaaacccagggctgccttggaaaaggcgcaaccccaaccccgtgggaattcgatatcaagcttgcctatgttc 

ttttggaatctatccaagtcttatgtaaatgcUatgtaaaccataatataaaagagtgctgatM 

ctaacattcttctctcgtgtgtttgtgtetgttcgccatcccgtctccgctcgtcacttat^ 

agatcccggtcaccctcaggtcgggtcgacaaccatggtgagcaagggcgaggagctgttcaccggggtggtgcccatc 
ctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgccacctacgg 
caagctgaccctgaagttcatctgcaccaccggcaagctgCGcgtgccctggcccaccctcgtgaccaccctgacctacg 
gcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgccatgcccgaaggctacgtc 
caggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctg 
gtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactaca 
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acagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgag^ 

gacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgct^ 

cactacctgagoacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtQCtgctggagttcgt 

ccgccgccgggatcactctcggcatggacgagctgtacaagtaaagcggcctcgacaatcaacctctggattacaaaaM 

gtgaaagattgactggtattcttaactatgttgctccttttacgctatgtggat^ 

tcccgtatggctttcattttctcctccttgtataaatcctggttgctgtctctttatgaggagtt^ 

gcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggc^ttgccaccacctgtcagctcct^ 

gctttccccctccctattgccacggcggaact(^gcxgcctgccttgcccgctgctggacagggg 

actgacaattccgtggtgttgtcggggaagctgacgtcctttccatggctgctcgcctgtgttgccacc^^ 

gacgtccttctgctacgtccxttcggccctcaatccagcggaccUccttcccgcggcctgctgccggctctgcggcctct^ 

cgcgtcttcgccttcgccctcagacgagtcggatctccxtttgggccgcctccccgcctggaattcgagctcggtacct^^ 

gaccaatgacttacaaggcagctgUigatcttagccactttttaaaagaaaagggggga^ 

acgaagacaagatctgctttttgcUgtactgggtctctctggttagaccagatctgagcctgggagctcto^ 

gaacccactgcttaagcctcaataaagcUgccttgagtgcttcaagtagtgtgtgcccgtctgttg^ 

agatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatc^ 

agaaatgaatatcagagagtgagaggaacttgtttattgcagcttataatggttacaaataaag^^ 

caaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgta^ 

ccctaactccgcccagttccgcccattctccgccccatggctgactaattttttttat^ 

cctctgagctattccagaagtagtgaggaggcttttttggaggcctaggcttttgcgtcgagacg^cccaattcgcc^ 

tgagtcgtattacgcgcgctcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcg^ 

ttgcagcacatccccctllcgccagctggcgtaatagcgaagaggcccgcaccgatcgcccttc^ 

ctgaatggcgaatggcgcgacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcag 

gctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcgcx^acgttcgccggctttcc^ 

ctctaaatcgggggctccctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacUgattagg^^ 

cacgtagtgggccatcgccctgaUigacggtttttcgccctttgacgttggag^ 

aactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgat^ 

gctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattto 
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Fig. 15a Map of the plasmid contaimng the lentiviral vector construct CCLrMA3 
GFP/deltaLNGFR 



Fig. 15b Sequence of the plasmid containing flie lentiviral vector constnict CCLr 
MA3-GFP/deltaLNGFR 



atgggggatcatgtaactcgccf 



SlratReigcggataaagttgcaggaccacttctgcgctcggc^^^ 
SSSSgtetc^ggtateattgcagcactggggc^ 
SrggScai^Sc4gSaac^gaca^^^ 
^fSgttStcatatatactttagattgatttaaaacttcatttttaattt^^^ 

^SiccScccttaacgtgagttttcgttccactgagcgtca^ccccgta^^^^ 
atcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagpggtggtttgtttgccg^teaagagct 

^S^S£ggt^^c5cagcagagpgcagataccaaatactgtccttctagtgtagcc^^ 

S^^Sr^S^ctcaagacgatagttaccggataaggcgcagpggt^^ • 
S^^Scgaacgictacaccgaactgagatacctacagcgtgagctatgagaa^^^ 

^^Sa^^g^g^cggtafgcggcagggtegga^^^ 
S^gfctgStc^WcSggtttcgccacctctgacttgagcgtcgattmg^^ 

SgagcctatlLaaacgccagqaacgcggcci^^ 

SKILtgtggataaWattaccgcctttgagtgagotgataccgctcgccgcag^^^ 

^fSSStragcligaagcggaagagcgcccaatacgcaaaccgcctctccccgcg 

SS?^cS<4Sg^^gggcagtgagcgPaacgcaat^^^ 

tetSt^at^gccaagcgcgcaattaaccctcactaaagggaacaaaagct^^^ 

iSS^tcataatftJacatttatattggctcatgtccaacatt^ 
^SSS^^gtc^gttcatagicatatatggagttoogcgttacataacttacg^^^^^^ 

S^aac^cccgcccattgacgtcaataatgacgtatgtt 
?SSSgtatttacggtaaaSg(^acttggcagtacatcaagtgtate 



r^t:;fj=sia5^sgoagtrca^ 

aa^tccaS^ccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccM^^ 
wJcattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtg^^^ 
^SSSw^agctetctggctaactagggaacccactgcttaagcctcaata^^^ 
SSS^^g«^ogSttWctotggtaactagagatccctcagaccc^^ 



T„„-.*,^„™^ooot..*«»anP.aactacaaccatcccttcaeacasgatcagaagaacttagatcatt8tata 



agca^^^^St^cacagcSiT^gatetteagacctgga^ 
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tggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagt^ 



^iatt^teSSLaittggctgtggtatataaaate 

S^SSSlaataSSaaSggagagagagacagagacagatccattcg^^^te 
teeaSLteggtLcStaaaag 

ESgaatgcaaWgttaacttgtttattgcagcttataatggttacaaataaggcaatagc^ 
SL^tEtcttaggttggagtgatacatttttatcacttttacccgtcmggattaggcagtagc^^^^ 



SfSeacgactg|gc|ct|cgaggcgtgccgcgtgtgcgag^ 
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ccceaggcaccaccgacaawtcatccctgtctattgctccatcctggctgctgt^^ 
^SS^agggggatcctcta^gtcgagtctagagtcgacaatcaacctctggato^ 
SSS^SScc^g^^tgtggatacgctgcmaatgccmgtatc^^^^ 
gSSctccttgSatcctggttgctgtctctttatgaggagttgtggc^^^ 



ctccctattgccacggcggaactcatcgccgcctgccttgcccgctgcTggacagBBsutw^utB..BBB--' 

SSgtcSgg^gctgac^cctttccatggctgctcgc^^^ 

SgfScfS^SaScc^cggacctt^^^^^ 

SSctcagSagtcggatctcccmgg^^^ 

S^Sagct^Stctogccactttttaaaagaaaaggg^ 

^SS^SgSctgglctctctggttagaccagatctgagcc^^^ 

cSSStaSctScttgagtS^^^^ 

to^^gteagtJgi^iatWagtagtagttcatgtcatcttatta^^^ 

aa^agagalgagaggaacttgWattgcagcttataatggttacaaataaagcaatagcate^ 

Scattt^aSjcLctogttgtggmgtcc^^^^ 

tecgcccagttccgcccattetccgccocatggctgactaattttt^ 

StSTcaSigtgagga^cttttttggaggcctaggctmgcgtcg^ 

SSS^gclcgSg^cgTcgttttacaacgtcgtgactggga*^^ 

SS^cgccaStggc^gcgaagaggcccgcaccgatcgc^^^^ 

aTcgaatggcgcLjgcgccctgtagcggcgcattaagcg^^ 

^gglgiccttSgggttccga^^g^^^ 
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